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CHAPTER - I 
GENERAL I NT RODUCTION 
GENERAL INTRODUCTION 
India i s p o t e n t i a l l y r i c h e s t country In f i s h e r y 
resources (jhlngran 1977) . T h e a t t en t ion of f i s h e r y 
b i o l o g i s t s has been focussed towards e x p l o i t a t i o n of 
various f i s h e r y resources of f resh waters. Pannikar 
(195 2) sa id t h a t i t was f u t i l e t o manage f i s h e r y without 
t h e adequate knowledge of t h e biology of the f i s h e s 
concerned, one of the most important aspect s of t h e 
f i shery management i s t h e knowledge of natural h i s t o r y 
of f i shes* t h e i r food and feeding habits* growth, breeding* 
migration and behaviour. 
Most of the e a r l i e r worker have deal t with t h e 
biology of some commercially important fresh water f i s h e s . 
Notable contr ibut ions in Ind ia have been made on the b io -
logy of severa l fresh water f i s h e s by Hora, 1945; Mukher-
j e e e t al* 1947; Allkunhi, 195 3, 56; jh ingran, 1957*59; 
Vashisht, i960; Saigal and Motwani, 1962; Pantulu* 1956; 
Chakrabarty and Singh 1963. Natrajan and jhingran 1963; 
Qayyum and Qaslm* 1964a, 1964b* 1964c; Qasim and Bhatt 
1964* 1966; Bhatt 1968* 1970* 1971, Khan, 1972; Rao and 
Rao 1972; Sinha I 9 7 2 ; c h a t t e r j i , 1974* Majumdar, 
1977; Dan and Majumdar 1978; Fagad* 1980; Reddy 1981; 
Narayan 1982; Abbas 1983; Haq 1984, 
With t h e recent demand, towards the c u l t i v a t i o n of 
f i s h e s in f r e s h waters* there i s a need t o i n v e s t i g a t e 
further the biological aspects of edible fresh water 
f i shes . However no comprehensive attempts has been made 
so far to invest igate the biological aspects of the spiny 
eel Rhvnchobdella aculeata (Bloch) in the fresh waters 
of northern India, 
The present study has been undertaken to invest igate 
the various aspects viz,« length weight relat ionship, age 
and growth and reproductive biology of the spiny eel 
R, acuj.eata from the river Yamuna. 
A SHORT DiSCRIfTION OP THE FISH 
SHORT DESCRIPTION OF THE FISH 
Rhvnchobdella aculeata (Bloch) i s d i s t r i b u t e d in 
f re sh waters of t h e northern part of India, which has a 
network of t r i b u l a r i e s and i r r i g a t i o n cana l s . The^spiny 
e e l also f ind t h e i r way in to ponds and j h e e l s which are 
connected with e i ther r i v e r channels or i r r i g a t i o n canals . 
Sy^emat i c p p s i t i o n : 
Phylum - cax)rdata 
Sub-phyilum - Vertebrata 
Super-c lass • Gnathostomata 
Class 
Sub^class 
order 
Family 
Genus 
Species 
. P i s c e s 
- T e l e o s t e i 
- Acanthopterygll 
- Rhynchobdellidae 
- Rhynchobdei;f.a 
- acuieat^ 
Taxonomic character^ i 
The toxnomic characters of t h e f i s h are as fo l lows t 
1. Body i s e longated being brownish colour covered by 
small c y c l o i d s c a l e s . 
2. snout I s f l e s h y with a t r i i o b e d extremity and I s 
concave transverse ly* 
3. Lower jaw i s nwch shoter than t h e upper one . Cleft of 
nouth i s narrow. 

4. Branchlostegal8 are s ix In number. Pseudobranchlae 
absent, g i l l s four in number, preopercle i s entire . 
5. jaws one with minute tee^h. 
6. Zst dorsal consis ts of spines (increase anterior to 
posterior) . Last spine i s as long as 1st to I l i rd 
spines. 
7. Ventral f in i s absent but the pectoral f in i s present. 
8. Dorsal, caudal and anal f i n s are confluent, anal f in 
with three spines, caudal f in usually with transverse 
bands. 
9. Anal f in i s pale brownish to del icate o l i v e and with 
three spines anterior to I t , 
10. Pactoral f in i s very short due to the mud burrowing 
habit. 
11. Ilnd dorsal f in and the anal f in are separated from the 
caudal fin by a notch above and below. 
12. Oontineous la tera l l i n e i s present, air bladder i s 
elongated with two caecal appendages. 
13. A ser ies of 3 to 6 large black o c e l l i with a white 
boundary are situated along the base of short dorsal 
on either s ide. 
14. Caudal f in with 5 to 6 vert ical brown bars (Plate I) , 
Habitat : 
The f i sh i s known to l i v e around stony and muddy 
bottom areas of the river Yamuna. These are found mostly 
In between stones of the river around deep pools on the 
side of the rivers, pax1:icularly around that places where 
natural bottom stones are in abundance. The fish is 
generally caught by fine cast nets for commercial catches. 
DiSCRIPriON OF THE RIVER Y/iMUNA AND ITS ENVIRONMENT 
DiSCRIPriON OF THE RIVER YAMUNA AND ITS ENVIRONMENT j 
River Yamuna i s one of the major coniponents of t h e 
Ganga r i v e r system which i s t h e l a r g e s t r i v e r system in 
India , I t borders parts of t h e s t a t e of Punjab, Haryana 
and f lows through t h e union t e r r i t o r y of De lh i . The r iver 
Yanuna i s about 1000 km long and has i t s source a t about 
8 km north of t h e yananotri hot spring in the Himalayas. 
I t enters t h e Doon v a l l e y below Kals i and t h e p l a i n s in 
Saharanpur d i s t r i c t in u t t a r Pradesh, I t cont inues t o f low 
south ward through Delhi upto Mathura, from where i t f lows 
g e n e r a l l y in south-east t i l l i t meets t h e Gang a at Al laha. 
bad. The neares t point of t h e r i v e r Yamuna from Aligarh 
i s 48 km (Sahgal, 1973) . I t i s l oca ted at l a t i t u d e of 
27°57* and long i tude of 77*^18'. Map (I) shows t h e l oca t ion 
of t h e r i v e r Yamuna v^ich i s deeper and r e t a i n s several 
t imes more water then t h e Ganga. I t shows a f e e b l e 
current during t h e sumner but a f a s t one during monsoon. 
The r i v e r Yamuna has a clayed bed and i s r i c h in organic 
matter and aquat ic vege ta t ion , 
Nummary of Ear l i er i n v e s t i g a t i o n s on Phvsico-.Chemical 
Characters^ Fauna and Flora of t h e River Yamuna t 
The physico-chemical c h a r a c t e r i s t i c s of the r iver 
Yamuna were recorded in t a b l e (I) , Chackraborty (1959) 
reported that the phosphate rather then t h e h l t r a t c seemed 
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Table I 
Physico-chendcal c h a r a c t e r i s t i c s of t h e River Yamuna 
(Abbas, 198 3) 
-o. 
Characters 
1. Surface water temperature 18.6-35 C 
2. Turbid i ty 1070.2580 ppm 
3 . pH 7.0-8.2 
4. Dissolved oxygen 3.1-11.5 ppm 
5. Free carbon dioxide 2.2-9.4 ppm 
6. Carbonate 1.0-13.4 ppm 
7. Bicarbonate 85 -290 ppm 
8. Hardness 40 -195 ppm 
9. Chloride 6-58 ppm 
10. Phosphate 0.0 3-0.11 ppm 
11. Nitrate 0.050-0.35 ppm 
12. S i l i c a t e 4.9 - 23 ppm 
13. Ammonia Traces 
to have a nore s i g n i f i c a n t i n v e r s e r e l a t i o n s h i p with 
phytoplankton. The maxinum d e n s i t y of phytoplankton was 
619 u n i t s and of ZooplanJcton 189 unit per l i t r e m June. 
The lowest number of phytoplankton and Zooplankton being 
19 and 9 u n i t s per l i t r e r e s p e c t i v e l y in October. The 
r a t i o of Zooplankton to phytoplankton was found to be 
l i 3 (jhingran 198 2 ) . 
jhlrigran et^  g^. (1970) reported tnat the chironomid 
larvae and anne l ids formed t h e behthic dominant group 
during the major part of t h e year, other inver tebrate 
known fauna of the r iver yamuna i s as f o l l o w s . 
iMollusca J Corbicula accidens* Melania tubercula ta . 
v iv iparous benqalensis* succina q r a v e l v i . 
and cryrai^^u^ sp. 
Amphipoda » Gammarus pul|ey 
Crustacea s palemon lammarrei^ Macrochious Macholmsonii 
The fo l lowing f i s h s p e c i e s are found i n the r i v e r 
yamuna (jhingron 1982) . 
1. Family cyprinidae : - c i rrh ina mriqaj.a» Cat], a cat l a , 
L», aonius . L.pungasius. L.dero, 
L.dynochie lus . Puntius sarana. 
P.g9ph9re, P. stigma. Oxvaaster 
p a c a i l a . O.qora. Esomus danricus. 
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2. Family Cobit ldae t LapldtocephalIchthyea gunt la , 
3. Family Channidae { Channa punctatus* C. ^trlatus* 
C.qachua, C.marrallus 
4 . Family Bagrldae i Ri ta r l ta« Mvstus aor, {^^peenqhale, 
£1. v l t t a t u s , M.bleekarl.M.cavaalus. 
man C2£2Uia. 
5 . Family s H u r i d a e t Wall ago a t t u , ompak blmaculatus. 
Q.. pa^da 
6. Family Schl lbe idae t Eutrpplchthves vacha, panqaslus 
panqaslus. ^Hynla s l l o n d l a . 
A i l l a SSLUL* 
7. Family sacchobranchldae t Heterppneuatea f o g s l i l s 
8 . Family Clarldae ; Clarlag ^atrachus 
9 . Family S l sor ldae { Beqarlus beqarius 
10, Family Notoplerldaej N^topterup notopterus, N .9h l ta la 
11, Family Clupeldae » H l l s a l l l ^ h a , G^duaia phjspra 
12, Family Anabantldae { Trlchpqaster f a s c l a t a 
13, Family Naudldae t Nandus nandus 
14, Family Gpbiidae t Glasspqpbius q u l r i s 
15, Family Ppec l l ldaet Gambuala a f f l n i § 
16, Family Amphinidaej Amphipnpus cuchla 
17, Family Mastacembeiidae % Mastacerobeius armatua* 
M.puncalus* Rhvnchpbdella acu^eata. 
The bottom fauna of t h e r i v e r Yamuna was studied by 
Ray e t a l (1966) , Studies on the fauna. Inhabit ing the 
r i v e r vegetat ion revealed thatrool luscs and i n s e c t s formed 
the major components of the fauna at Sujawan, whi le 
i n s e c t s mainly t o a l e s s e r ex tent , molluscs and decopods 
dominated at Hinto park. The populat ion of t h e organisms 
was found to be maximum during March to Nay and minimum 
during monsoon. 
Bottom b i o t a of the r i v e r Yamuna cons i s t ed of mostly 
dipt era larvae , placoptera nymph, odonta nymph, i n s e c t 
eggs, crustaceans , nematodes, s n a i l s , b ivaxves , o l i g o -
cheat worms, i n s e c t larvae and gastropods . Molluscs were 
dominant in t h e food coiqposition of the f i s h . Corixa and 
Hyphoporous among i n s e c t s , vivipprou^ benqalens i s , ^^ccinea 
q r a y e l v i , mejanic tuberqjtj|;ate and Gyraulus sp. among 
molluscs and palemon lamarrei , among decapods were t h e 
dominent forms, 
A q u a l i t a t i v e study of plankton was carr ied out 
by Jhlngran (197Q). The fo l lowing plankton were found t 
Chlorophyceae (green algae) Actinpqtrum 
Anki^trodesmup 
Chlpreji;^ 
Cl9gteri^8 
Chlamvdomonap 
Qoe^astrum 
l o 
crx^clqenla 
Denticula 
Deamldlum 
Eudorlna 
Hydro d ie t von 
Pandorlna 
pediagtrum 
Phacus 
igcenedescaus 
Schlzpqonluni 
?eAe9gtrvp> 
SP^aeroaosroa 
Splr9qYra 
mgthrlx 
Syqnema 
Myxophyceae (Bluegreen algae) Aoabeena 
CYllndr9gpernvro 
J^ynqbya 
Merlsmopodla 
ftLcrpgygtug 
No s t o c 
Osclllatorla 
Rivularia 
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Bac i l lar lophyceae (Dlatoins) 
Desndds 
Phyto f 1 ag el 1 at es 
II zooplanicton 
protozoans 
Amphora 
A g t ^ i 9 n e ; t a 
Cocoonels 
CY<?t9teUa 
P i a t Q ma 
Fraqi lar la 
Gomphonema 
Gvroaiqma 
Navlcula 
Nl tzschla 
PAeur(?giqm^ 
Plnnularla 
St eph eno dl scu s 
Svnepdro 
C]|.ogterium 
Co sroarlum 
Euqlena 
Calpgda 
Chllodnei la 
Paramecium 
12 
Rotifers 
insects 
Heiminthes 
Asplanchna 
Branchlonus 
Conochllus 
F l i l n a 
jCerateXJ^a 
Monostvla 
Notops 
Notholea 
Philodlna 
Polvarthra 
Rattulus 
Rot ar ia 
Qorlxa 
inspect larvae 
inges t eqqg 
Netnat9^eg 
pahwa and Mehrotra (1966) found that the average of 
yearjty t o t a l benthlc organisms was recorded t o be 3,476/ni^, 
The peak production of benthic organisms was recorded in 
June and minirnum concentration of benthic fauna was 
observed during August-september. Among the dipteran larvae, 
Chironomids contributed maxiimm and among t r i c o p t e r a . 
13 
caddis fx i e s dominated. Among moxluscs the gastropods 
dondnated in lower stretches whiie bivalves formed the 
bulk of i ioliuscs xn the upper stretches of the r iver . 
2 
Annelids contributed at yearly average 692/m . 
AIMS/ SCOEE, LIMXTATIONS AND OBJECTIVES OF THE PRESENT STUDY 
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AIMS, SCOPE. LIMITATION AKD OBJECTIVES OF THE 
PRESENT STUDY. 
The b i o l o g y of a f i s h wi th r e s p e c t t o i t s age and 
growth, l en g th -we igh t r e l a t i o n s h i p , r e p r o d u c t i o n and 
f e c u n d i t y has a p p l i c a b i l i t y in i nvo lv ing e f f e c t i v e p o l i -
c i e s fo r management and c o n s e r v a t i o n , c u l t u r e development 
of t h e f i s h e r i e s in t h e c o u n t r y . 
The age d e t e r m i n a t i o n of t h e f i s h p r o v i d e s on under-
s t and ing towards t h e composi t ion of f i s h p o p u l a t i o n wi th 
r e s p e c t t o age, age a t m a t u r i t y and p o s s i b l e l i f e span. 
The growth s t u d i e s l ead t o an assessment of s u s t a -
in ing power of s t o c k f i s h e r y . The a p p l i c a t i o n of l e n g t h -
weight r e l a t i o n s h i p in f i s h e r y b i o l o g y so lves v a r i o u s 
problems concerned wi th t h e l i f e h i s t o r y of f i s h b e s i d e s 
p rov id ing a s t a t i s t i c a l r e l a t i o n s h i p between l e n g t h and 
weight of f i s h a s a means of i n t e r convers ion , such a r e l a -
t i o n s h i p y i e l d s in format ion on t h e g e n e r a l wel l being of 
t h e f i s h v a r i a t i o n s i n growth, s i z e a t f i r s t m a t u r i t y , 
gonad development and breeding season . 
The s u c c e s s o r f a i l u r e of a s p e c i e s in t h e p a r t i -
c u l a r environment l a r g e l y depends on i t s f e c u n d i t y . 
Determina t ion of f a c t o r s which d i r e c t l y o r i n d i r e c t l y 
a f f e c t t h e p r o d u c t i o n of a f i s h i s n e c e s s a r y b e f o r e 
conserv ing a p a r t i c u l a r p o p u l a t i o n . 
15 
The biology of the fish and i t s interrelat ionship 
with i t s biophysical sphere and biochemical sphere i s 
extremily useful to formulate conserving management 
measures of f ishery for i t s judicious exploitation and 
helps in accelerating the gross productivity of aquatic 
ecosystem. 
Therefore i t has been proposed to investigate 
various aspects of the biology of spiny eel of the r iver 
Yumuna, The r e su l t s so obtained will be useful in the 
management and conservation of r iverine f isher ies in 
different parts of the country. 
CHAJtTER - I I 
AGE AND GROWTH OF RHYNCHOBDELLA ACULEATA 
INTRODUCTION i 
S t u d i e s l e a d i n g t o the e l u c i d a t i n g of t h e age and 
growth of conunercia l ly impor tant s p e c i e s of f i s h a r e of 
v i t a l in evolv ing e f f e c t i v e p o l i c i e s fo r t h e management 
and c o n s e r v a t i o n of t h e i r f i s h e r i e s . Rhvnchobdel].a 
a c u l e a t a i s we l l known fo r i t s c a l o r i f i c n u e t r i t i v e 
v a l u e s ; n o t o n l y a very i n p o r t a n t i n l a n d c a p t u r e f i s h e r y 
of I n d i a but i s a l s o a f i s h of g r e a t c u l t u r e v a l u e . The 
in format ion on age and growth of t h e sp iny e e l h a s not 
been wel l documented in I n d i a . 
The use of p e r i o d i c m a r k i n g ' s on o t o l i t h and o t h e r 
hard p a r t s of t h e body fo r t h e e s t i m a t i o n of age and 
growth of f i s h e s , was e s t a b l i s h e d in t h e p re sen t c e n t u r y . 
Grea t dea l of a t t e n t i o n has been pa id t o t h e growth 
s t u d i e s of t h e f r e s h water e e l Angu i l l a spp. i n Europe, 
America, I n d i a and j a p a n by many w o r k e r ' s (Ehrenboum and 
Kurakawa, 1913; Marcus, 1919; Hornyold, 19 22, Tesch , 19 28; 
F r o s t , 1945, Smith and Saunder, 1955; Vlady Kov 1955, 
Pan tu lu , 1956; Pan tu lu Singh, 1962; Boe t ius and B o e t i u s , 
1967; Sinha and j o n e s , 1967, ogdon, 1970, Gray and Andrews, 
1971; Rossi and Colombo, 1976; sha ree f , 1976; Ross i and 
Colombo, 1979; Dec ide r , 1981; Abbas, 1983; Henson and 
E v e r s o l , 1984; V o l l e s t a d , 1985; Pau lov ib and B i r o , 1986; 
Delgado et a l 1989) on t h e c o n t r a r y t h e b i o l o g i c a l i n f o r -
mation on the R . a c u l e a t a i s Scanty . Through O t o l i t h s were 
17 
u s e d w i d e l y f o r de termin in g t h e a g e o f f i s h e s from 
t e m p e r a t e zones ( R e l i e f s o n , 19 33 , 19 35; P a r r i s h and 
Sharman, 1958) t h e i r u t i l i t y i n t h e d e t e r m i n a t i o n o f age 
and growth of t r o p i c a l f i s h e s from Ind ian w a t e r s h a s n o t 
been a d e q u a t e l y i n v e s t i g a t e d . Hao ( 1 9 3 5 ) , Na ir (1949) # 
Radhakrishnan, ( 1 9 5 4 ) ; Pantu lu and Singh ( 1 9 6 2 ) ; Shareef 
(1976) Abbas (198 3 ) , Anwar and S iddqul ( 1 9 8 9 ) , o b s e r v e d 
r i n g s on t h e o t o l i t h s o f some I n d i a n f i s h e s and i n d i c a t e d 
t h e p o s s i b i l i t y o f t h e i r u t i l i t y i n age and growth s t u d i e s , 
p r e s e n t i n v e s t i g a t i o n i s an a t t empt t o de termine age and 
growth o f R. a c u l e a t a from t h e r i v e r yamuna. 
MATERIAL AND METHODS 
The 202 spec imens of R. a c u l e a t a o f t h e r i v e r yamuna, 
from August, 1989 t o J u l y , 1990 were examined f o r t h e 
e l u c i d a t i o n of t h e age , growth and l e n g t h - w e i g h t r e l a t i o n -
s h i p . 
The f i s h were measured, we ighed and sexed i n t h e 
l a b o r a t o r y , s a g i t t a l o t o l i t h s were removed, d r i e d w i t h 
b l o t t i n g paper and s t o r e d i n l a b e l l e d v a i l s . 
O t o l i t h p r e p a r a t i o n was f o l l o w e d t h e method o f Sinha 
and J o n e s ( 1 9 6 7 ) . Each mounted o t o l i t h was viewed v e r y 
c a r e f u l l y t o de termine t h e s t a g e o f annulus f o r m a t i o n . 
O t o l i t h s wi th f a l s e r i n g s were s e p a r a t e d and s b u s e q u e n t l y 
d i s c a r d e d i f t h e age r e a d i n g s were d o u b t f u l . The l e n g t h -
we ight r e l a t i o n s h i p was ejopressed as W so a l 
( L a g l e r 1956) 
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where 
W i s t h e weight of t he f i s h in gm, 
L i s the length of t h e f i sh in mm, 
"a" and "n*' are constants to be determined 
emparical ly. 
The length-weight r e l a t i o n s h i p was ca lcu la ted 
using logari thmic formula j 
Log w = Log a + n log L (Le Cren, 1951) 
The following equation was used to find out t h e 
value of "a** 
roa a - Clog w ^{^o<3 ^ ^ ". KX<?<^ h ^ ( t o h i<, A9q w) Log a . N £ (log L) 2 . ( Clog L) 2 
where 
log L = Logarithmic values of length (L) 
log w = Logarithmic values of weight (w) 
N = Number of observat ions 
log a i s known as in t e rcep t , then , now a log a i s known 
to us , the next s tep i s to f ind slop " i s " for which the 
following formula was used t 
" ' £ log L 
"n" i s known as s lope . 
The length-weight were two var iab les and co r r e l a -
t i o n coeff ic ient ' r* was computed as follows : 
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J. _ N a l WL- ^ W X ^ L 
N. £ W2 - (<W) 2 N, £ L ^ - ( < L) 2 
(No ta t i ons ai^e the same a s above) 
The weight of t h e f i s h a t each l e n g t h I n t e r v a l was 
c a l c u l a t e d by l e a s t square method, 
RESUUS AND DISCUSSION 
G e n e r a l l y m a j o r i t y of t h e f i s h were found t o c o n t a i n 
annual mark ( t r a n s l u c e n t r ing) In t h e premonsoon p e r i o d 
(May-june) , some of t h e f i s h had an annulus format ion in 
t h e w i n t e r season . The l a t e r may have been slow grower , 
t h u s i t may be s a i d t h a t t h e a n n u i l a r e formed mos t ly in 
prenonsoon o r in t h e l a t e autumn a t i t s margin. The o t o l i t h 
c o n t a i n i n g one t r a n s l u c e n t zone was c a t e g o r i s e d a s i n 
age group - I . S i m i l a r l y t h e o t o l i t h con ta in ing two t r a n s -
l u c e n t zones w i l l be in age group I I so t h e young f i s h 
which were l e s s t h e n one year and did not p o s s e s s t r a n s -
l u c e n t zone were t r e a t e d in age group 0 . The f i s h which 
were nore then one year o l d (I"*^ con ta in ing t h r e e growth 
zones (opaque / t r ans lucen t /opaque ) were t r e a t e d in age 
group - I . S i m i l a r l y II"*", III"*", IV*", V+ age g roups f i s h e s 
were t r e a t e d in t h e age group of II# I I I , IV, V so on , 
P l a t e - I I shows o t o l i t h s of v a r i o u s age group f i s h . Simi-
l a r l y age grouping was adopted i n o t h e r s p e c i e s of sp iny 
ee l by Abbas (198 3) . 
b) 
a) 
I ;, 
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I t i s well known that in t h e f i shes of d i f fe ren t 
ages/ the period when the annual r i ngs are la id down, 
occurs in d i f fe ren t seasons (Nikolsky, 1963) , 
F ig , I Shows t h e mean length for age of t h e f i s h . The 
mean length of t he males was 135 mm, 170 mm, 
200 mm for I , I I , i l l years of the age respec-
t i v e l y , while mean length of females was 125 mm, 
183 mm, 215,6 mm, 249 mm, 286 mm for I , I I , I I I , 
IV, V years of t h e age respec t ive ly . I t i s 
re levant to mention t h a t R.aculeate of 222 mm. 
length f i sh could be in age group I I , I I I , 
thus the spiny eel of t h e same length and same 
sex may d i f fe r in age up to t h r e e years , 
i ' ig . I I Shows t h a t t h e mean weight of the males was 12.59/ 
23g, 41g, for I , I I , I I I years of t h e age 
r e spec t ive ly . The inean weight of t h e female was 
log, 27g, 45g, 6ig and 75g for i , l i . I I I , IV, 
V years of t h e age r e spec t ive ly . The females 
have g r ea t e r l o n g a t i v i t y and rapid growth than 
tha t of the males. An observat ion which i s in 
general agreement with o ther species of e e l s , 
Angailla Tesch, 1928; Carnis, 1941; Pantulu 
and Singh, 1962. 
F ig , I I I and IV shows tha t the r e l a t i o n s h i p between long 
length on calcula ted log weight was found to 
290 
2 8 0 -
2 6 0 -
240 -
220 
E 
E 
c 
s: 
w 
>t-
Oi 
x: 
•»^  
o 
x: 
•*-* 
en 
c Ol 
c 
o Oi 
2 
200 
180 
160 
140-
120-
100 
F i g . l 
en 
c 
x: 
•5 
c 
o 
2 
Fig. 2 
F i g , 3 I Iiongth-ijoitht: rt-la^-ioKahip o£ iJ • .rl^ 
cn 
o 
o 
1.90 
1-80-
1.70 
1.60-
1.50-
1.40 
1.30-
1.20-
1.10 
1.00-
1.90 
1.80 
2.10 2.15 2.20 2.25 2.30 2.35 
Log Length in nnnn ^ 
2.40 2.45 
Fig. 3 
'J±ri» 6 s Lcn^^^T-'.jctc.liti r c l a t i o n o h i p o£ molo 
x: 
o 
1.70 
1.60-
1.50 
1.40 
1 3 0 -
1.20-
1.10 
1.00 
0.90-
2.10 2.15 2.20 2.25 2.30 2.35 
Log L e n g t h in m m — ^ 
2.40 
F ig .4 
2 1 
be l i n e a r in r e l a t i o n s h i p . The regress ion of log 
length on log weight of t h e f i s h was ca l cu la t ed 
emparical ly by l e a s t square method. The r e l a t i o n -
ship can be expressed as f o l l o w s ; 
log W . - 4 . 9 5 9 2 -•• 2.7971 log L (1) 
log w » -4 .4881 + 2.5968 log L (2) 
The value of the s lope '•n'« was lower than t h e ideal 
value 3 (Al len, 19 38) in both the s exes . This shows that 
t h e f i s h weight i s l e s s then t h e cube of t h e l ength , in 
o ther words i t may be said t h e l i n e a r growth of t h e f i s h 
i s more than that of the body weight, which i s expected 
in such f i s h . 
CHAPTER - I I I 
REPRODUCTIVE BIOLOGY OF R. ACULEATA 
INTRODUCTION 
R e p r o d u c t i v e b i o l o g y o f f i s h e s h a s been found t o be 
u s e f u l t o f o r m u l a t e c o n s e r v a t i o n , c u l t u r e managemfent mea-
s u r e s and f o r e v a l u a t i o n of i t s f i s h e r y p o t e n t i a l s . S t u d i e s 
of t h e m a t u r a t i o n and spawning of t h e f i s h i s an i n t e g r a l 
p a r t of f i s h e r y b i o l o g y . E a r l i e r a t t e m p t s t o i n v e s t i g a t e 
v a r i o u s a s p e c t s of t h e r e p r o d u c t i v e b i o l o g y of f r e s h - w a t e r 
f i s h e s have been made by many s c i e n t i s t s (Khan, 19 24; 
Mooker jee e t a l . , 1944; Hora , 1945; Das , 1946; P a l e k e r & 
K a r a n d i k a r , 195 2; A l i k u n h i , 195 3; Karamchandani & Motwani , 
1955; P r a b h u , 1956; B a g e n a l , 1957; S a r o j i n i , 1957; Khanna, 
1957; j h i n g r a n , 1961 ; o a s i m & Oayyum, 1961; B e l s a r e , 1962; 
S a t h y a n e s a n , 1962; S a i g a l , 1964; S i n h a & R a s t o g i , 1967; 
Gup ta ( 1 9 7 4 ) ; T h a k u r & Khan, 1974; B h a t t e t a l . , 1976; 
V e r g h e s e , 1976; C h a t u r v e d i , 1976; p a t h a k & j h i n g r a n , 1977; 
Mojerrder 1978; B i s h t & Upadhyaya , 1979; B a n e r j e e e t a l , 1 9 8 1 , 
K a l i y a m u r t i , 1981 ; P a t h a n i 1981 Abbas 1983; S ingh & S i n g h , 
1986; N a s a r , 1989) . The p r e s e n t i n v e s t i g a t i o n d e a l s w i t h 
s e x r a t i o ; g a n a d o s o m a t i c i n d e x , c l a s s i f i c a t i o n of m a t u r i t y 
s t a g e s , s i z e a t f i r s t m a t u r i t y ; deve lopmen t of ova to 
m a t u r i t y , spawing c y c l e & f e c u n d i t y of R h y n c h o b d e l l a a c u l e a t a 
from t h e r i v e r yamuna. 
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MATERIAL AND METHODS 
T h e m a t e r i a l f o r t h i s s t u d y was o b t a i n e d from t h e 
r i v e r Yamuna (U .F . ) I n d i a , d u r i n g t h e p e r i o d Aug. 1989 
t o J u l y 1990. The t o t a l number of f i s h examined was 20 2/ 
v a r y i n g from HO mm t o 286 mm i n t o t a l l e n g t h . A l l t h e 
f i s h were examined f r e s h and were weighed i n d i v i d u a l l y 
t o t h e n e a r e s t m i l l i g r a m . T h e f i s h s a m p l e s were s e x e d . 
T o t a l l e n g t h and w e i g h t of f i s h were t a k e n . Gonad 
w e i g h t was a l s o t a k e n t o s t u d y t h e s e a s o n a l c y c l e i n 
gonad w e i g h t . The g o n a d s of sub s amp le s of m a t u r e and 
inrimature f i s h weighed s e p a r a t e l y and t h e n p r e s e r v e d i n 
5% f o r m a l d e h y d e , f o r o v a d i a m e t e r m e a s u r e m e n t s . The 
d i a m t e r of e a c h ovum was measu red w i t h t h e h e l p of an 
o c u l a r m i c r o m e t e r f i t t e d on t h e m i c r o s c o p e . 
S i x f i s h e s were i n r i p e c o n d i t i o n and w e r e s u i t a b l e 
t o d e t e r m i n e t h e f e u m d i t y of t h e f i s h . T h r e e s a m p l e s of 
0 . 5 g of o v a f rom a n t e r i o r , m i d d l e , p o s t e r i o r r e g i o n 
of t h e two l o b e s of t h e o v a r y w e r e o b t a i n e d and e g g s 
were t e a s e d a p a r t i n each s a m p l e . The eggs w e r e s p r e a d 
on a p i e c e of f i l t e r p a p e r w i t h i t s edge t u r n e d up to 
form a s h a l l o w t r a y t o make e a c h egg s e p a r a t e . T h e 
d r i e d e g g s were c o u n t e d w i t h t h e h e l p of hand l e n s . 
The f e u n d i t y was c a l c u l a t e d by t a k i n g mean n u n b e r of 
e g g s from o n t e r i o r , m i d d l e , p o s t e r i o r r e g i o n s of t h e 
o v a r y 4. r a i s i n g u p t o t h e t o t a l w e i g h t of t h e o v a r y of 
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each f i sh . The number of ova per gram body weight, per 
gram ovary weight & per mil l imeter length of t h e f i sh 
were ca lcu la ted . 
The r e l a t i o n s h i p between feundity and t o t a l length 
of the f i sh ,Fecundi ty & body weight,Fecundity & ovary 
weight was es tabl i shed mathematically as follows i 
F a a + b X body measurements. 
where 
F = Fecundity of the f i sh 
a & b «: Constants to be ca lcula ted separa te ly from 
the data with t h e help of following formula, 
log a « ^•^°^ ^ x£(log y) ^ -^log y x£(log £' x log y) 
N. £( log y) 2 - (^ log y) 2 
log b « £.loq F - N X log a 
i l o g y 
where y = body measurements 
N = number of (fish) specimens. 
Correlat ion coeff ic ient ••r»« was ca lcula ted as done in 
e a r l i e r chapter . 
Gonad condition and nature of oocytes in maturing ovary 
The degree of maturi ty of gonads in various stages 
was determined according to a r b i t r a r y scheme proposed by 
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Qaslm & Qayyum (l96l) , The f ive maturi ty s tages were 
defined as follows s 
I, Immature 
I I . Maturing 
I I I , Ripening 
I V . 
J The irrmature ova are character ized 
by t h e i r small s ize , presence of 
large nuclear & absence of yolk. A 
layex of e p i t h e l i a l c e l l s i s l a id 
down around the growing oocyte. 
Ovaries thin & ribbon l i k e . 
Size frequency showing a mode at 
, . , . •mm. 
I The maturing ova are charac ter i sed by 
the formation of yolk, eggs Jus t 
v i s i b l e to naked eye. Ovaries swollen, 
s ize ot ova,i».9 mm, 
} The irode of the l a rges t group of ova 
f a l l s a t . . V . . . . , . , , m m . Ovary enlarged 
and occupy almost whole of the body 
cavi ty and yellow in colour . The 
ovarion wall becomes t h i n and t h e 
ova are c l e a r l y v i s i b l e from out 
s ide . Ova are fu l ly packed with yolk. 
i The ova are s l i g h t l y l a rge r than those 
in stage I I I , Ovary occupies t h e 
en t i r e body cavi ty the irode of the 
l a r g e s t ova f a l l s a t . . .1» 7P.. .irun, 
free and l a rge t r ans lucen t eggs. 
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V. Spawning 
ready for l i b e r a t i o n . 
Ovary occupying t h e en t i r e body c a v i t y 
They a re reddish yellow in colour bluge at 
var ious places due to the pressure of ova. 
Soft to touch and ova ooze out e a s i l y at 
s l i g h t pressor on t h e abdomen. The s i ze 
of ova i s ainost same as in s tage V, The 
maximum s ize of ova in t h i s s tage i s reco-
rded 1,9 375 mm. Th i s s tage was observed 
during June, J u l y and August, 
REsvisrs t 
Sex r a t i o j 
The two sexes were not present in t h e same proportion 
through the year. The data from Agusut 1989 to 1990 was 
pooled separa te ly for males and females. The number of fema-
l e s was higher throught the year and sex r a t i o of R.aculeata 
was found 1,1x1 for females and males r espec t ive ly . However, 
a s i gn i f i c an t propondarence of males over females was 
recorded in f i r s t and second year of l i f e of the f i s h . There-
a f t e r t h e females out numbered the males. The prepondarence 
of t h e females in l a rge sized groups appeared to be due to 
heavy t ro r ta l i ty of t h e male in t h e i r e a r ly l i f e . The males 
in t h e i r ea r ly l i f e period were more ac t ive then t h e females 
and thus l i a b l e t o be caught by fisherman. Fur ther , ac t ive 
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males were exposed to predator . Thx;s i t can be cxjncluded 
t h a t a c t i ve l i f e of the males lead them to a shor te r l i f e 
spawn. 
Spawning season j 
Fig. 5 shows the period of peak occurrence of 
mature gonads. In durat ion of 1989-1990 mature f i sh with 
advanced stages (s tage iv 'V) of matur i ty were ava i l ab l e 
in the months May. and August, but the period of peak gono-
dal development occurrence of f i sh in stage IV and V was 
from June to Ju ly , In l a t e August 1990, one spent female 
was obtained which indicated t h a t t h e spawning period may 
some t ime be extended upto September. However, f i sh with 
mature ovary were not noticed from September ownwards. The 
specimens co l l ec ted , were a l l immature. 
At any given t ime, t h e s t a t e of maturity i s uniform 
almost in a l l ind iv idua l s of the popula t ion. From October 
to January a l l indiv idual population l l k e i y to spawn during 
the fojTth-coming breeding season, reach t h e maturing s tage . 
This s tage i s followed by t h e r ipening s tage during February 
March, Apri l . In May and June, the f i shes are predominantly 
r i p e , but in Ju ly , spent f i shes begin t o appear and t h e i r 
propor t ions inc rease rap id ly in subsequent months. 
Gonado Somatic index t 
The gonado somatic index which i s the i n d i c a t i v e 
of t h e breeding season of the f i sh has been ca lcula ted for 
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i t ranged from 1075 t o 5390 eggs/ovary of the f i sh of t h e 
r i v e r Yamuna, The average fecxandity of R. aculeata on 
cxjmbined data was estimated to 2005. 
There was an increase in fecundi ty with inc rease in 
s i z e of t h e f i sh , fecundity in r e l a t i o n to body weight of 
t h e f i sh however, shows an inverse r e l a t i o n s h i p t hus although 
the o lder f i sh a r e more fecund. I t i s the younger f i sh that 
produce more ova per gram weight of t he body. The r e l a t i o n -
ship between the fecundity and t h e t o t a l body length^body 
weight and gonad weight of t h e f i sh a re as follows t 
Fecundity and tota^, length of the f i sh t 
Fig, 7 shows r e l a t i onsh ip between fecundity and 
t o t a l length of t h e f i sh using emperical logr i thmical data 
on t h e following equation i 
log F «= log a + b log L 
F = Fecundity, L = Total length of t h e f i sh in mm. 
regress ion equation of the f i sh can be expressed as follows t 
log F = -0,6865 + 1.628 2 log L (r = 0.8880) 
i t may be added t h a t the var ia t ion in t h e number of eggs 
of l a rge f i sh was more than tha t of t h e eggs of small f i s h . 
I t i s obvious t h a t t h e fecundity in t h e f i sh va r i e s consi-
derably anong ind iv idua l s of the same s i ze , such var ia t ion 
in fecundity among ind iv idua l s , of the same size was reported 
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by a few s c l t t i t i s t s e l s e where in other spec i e s a l s o (Frost 
and Kipl ing, 1967; Begenal and Brown, 1968; House and Wells, 
1973; Kathur and Romsay, 1974; Emergy and Brown, 1978) . 
Clark (19 34) reported t h a t the fecundi ty of f i s h 
increased in proportion to the square of i t s l ength . Simpson 
(1951) reported that the fecundi ty of p l a i c e was r e l a t e d to 
t h e cube of t h e f i s h . l e n g t h and t h e i r r e l a t i o n s h i p with 
s l i g h t var iat ion was found t o be true in many s p e c i e s 
( S a r o j i n i , 1957; P i l l a y , 1958; Jhingran, 1961; pantule , 
1963; Oasim and Qayyum, 1963; Gupta, 1968; Khan, 1972; 
Verghese, 1973; S iddiqi e t a l . 1976; Reddy, 1979; Josh i and 
Khanna, 1980; Singh e t . a l . 1982; Abbas 1985, Nasar, 1989) . 
Fecundity and body weight : 
Fig , 8 shows that t h e r e was a l i n e a r r e l a t i o n s h i p 
between t h e fecundi ty and body weight of t h e f i s h . The 
number of eggs g e n e r a l l y increased with increasing the 
weight of t h e f i s h but i t so o f ten varied g r e a t l y among 
f i s h of the same weight . The s imi lar v a r i a t i o n s were 
reported in many f i s h s p e c i e s by a few s c i e n t i s t s (Lin-
dorth, 1946; Carbine, 1944; Carlander, 1950, Frost and 
Kipl ing , 1977) t h e r e l a t i o n s h i p of the two var iab les can 
be expressed by the fo l lowing regres s ion equation .; 
log F = -0 .5574 + 2.3347 log W (r =: 0.8954) 
A d irec t proportional i n c r e a s e in t h e f e c u n d i t y with 
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t h e i n c r e a s e In t h e f i s h weight was noted by Simpson (1951) 
and Lahman (1955) , A s t r a i g h t l i n e r e l a t i o n s h i p between f i s h 
weight and f e c u n d i t y r e p o r t e d by s e v e r a l workers - (Bagenal , 
1957; s a r o j i n i , 1957; Verghese, 1961, 1973; Singh e t a l . 
198 2, Abbas, 198 3; Nasar , 1989). 
F e c u n d i t y and o v a r y weipht j 
At t i m e s t h e number of eggs v a r i e d among t h e o v a r i e s 
of t h e same weight , t h i s v a r i a t i o n may be due t o t h e v a r i a -
t i o n in t h e ova d iamete r in t h e f i s h . F i g . 9 shows a s t r a i -
gh t l i n e r e l a t i o n s h i p between t h e f e c u n d i t y and t h e ova ry 
weight of t h e f i s h . I t may be s a i d t h a t t h e f e c u n d i t y i s 
d i r e c t l y p r o p o r t i o n a l t o t h e ovary weight of t h e f i s h which 
can be expressed by a r e g r e s s i o n equa t ion as f o l l o w s { 
log F « 2.5860 + 1.4594 log OWt. ( r s 0.7974) 
Bagenal (1957) found t h a t h e a v i e r gonads produce 
fewer eggs then do t h e h igher ova o n e s . Oaslm and Qayyum 
(1963) r e p o r t e d t h a t i f t h e body weight of t h e two i n d i v i -
dua l happens t o be t h e same, t h e f i s h wi th h e a v i e r gonads 
w i l l produce a g r e a t e r number of e g g ' s than t h e one with 
l i g h t e r gonads . 
DISCUSSION X 
The p r e s e n t i n v e s t i g a t i o n , undertaken wi th a view 
t o de t e rmine t h e c y c l i c changes in matura t ion and d e p l e c -
t l o n of g o n a d s , I n t r a o v a r i a n o o c y t e s and gonadp somat ic 
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index c l e a r l y ind ica ted tha t a synchronous breeding took 
p lace in R.aculea ta . The breeding season i s s t r i c t l y per iodic , 
r e s t r i c t e d to a d e f i n i t e short uniform spawning period and 
each individual spawn only once in a year. Dejong (1939) 
prabhu (1956) Qasim and Qayyum (1961), while inves t iga t ing 
t he spawning hab i t s of some f i shes were found the s imi la r 
r e s u l t s . This i s gene ra l ly c h a r a c t e r i s t i c of those f i sh 
species which contain only one group of eggs in ovary, 
walford (1932) s t a t ed t h a t f i sh which spawn only once in a 
season contain two types ova-immature and mature, probhu 
(1956) conducted t h a t f i sh which spawn once a year and-in 
which the spawning i s confined to a fixed short durat ion 
ovary d i f f e i e n t i a t e d from the general egg stoc)c. The well 
marked seasonal changes were observed in gonadal condition 
of the f i sh . The recovering gonads (stage II) remained 
quiscent from October to January coinciding with t h e minimum 
soiar rad ia t ion and low temperature during t h i s per iod . 
in February a s l i gh t development of gonads was noteo and 
t h e r e a f t e r rapid changes occurred and in both sexes t he 
peak condition was reached in J u l y , Palekar and Karandikar 
(195 2) found the spawning season as determined by t h e ova 
diameter measurements and t h e s t r u c t u r e of t h e mature ovary, 
t o be of short dura t ion and tha t t h e minimum period required 
for t h e rematuration of spent ova r i e s to be about s ix 
months. The photoperiod and temperature were also found 
to be maximum in J u l y , i s therefore c l ea r t h a t c y c l i c 
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development of gonad i s Influenced by photoperlod and 
temperature with o ther f a c t o r s . Aronson (1957), Pickford 
and Atz (1957), Hyder (1970), Khan (1974) and Cha t t e r j i 
(19 74) have also reported t h e iirqportance of both l i g h t and 
temperature in gonodal developmeit of some f i sh species* 
Hora (1945) has es tabl ished tha t in tens ive flooding e i t h e r 
caused by r a i n f a l l or by a r t i f i c i a l means, capable of 
inundating shallow areas are e s s e n t i a l to induce spawning* 
htookerjii (1945), Majumder (1945) and Qaslm and Qayyum (1961) 
reported t h a t high oxygen content and pH of water are the 
o ther f ac to r s on which considerable emphasis has been l a i d . 
In northern India t h e monsoon genera l ly breaks out 
in J u l y continues upto August and breeding season l a s t s 
from J u l y to September^ thus the onset of spawning and 
durat ion of breeding season of t h e f i sh appeared d i r e c t l y 
dependent on the monsoon for successful spawning. The f i sh 
search su i t ab le spawning grounds. The spawning grounds of 
the f i sh are usua l ly t h e inundated flood areas adjoining 
the r i v e r , exaiT\ple Naujheil i s adjoining with r i v e r yamuna 
at t he t ime of monsoon period. South East U.P. Here t h e 
s t rength of water current i s genera l ly moderated in r i v e r 
Yamuna. Due to monsoon when flooded condi t ions exis t the 
f i sh migrate in the shallow floody water mass where spawning 
t akes p lace , without any competition for space. Perhaps a 
r i s i n g leve l of water in the r i v e r yamuna provides su i t ab le 
34 
condi t ions to f i sh to coimnence breeding. Peak spawning 
w however f o l i o s the out breji,k of man soon. According to 
Ganapati , Alikunhi and Thivy (1951) an acess to s u i t a b l e 
spawning ground was nore iraportant to induced spawning 
than the physico-chemical condi t ions of water. 
Since t h e spawning of many fresh water f i shes 
occurred in shallow water areas such grounds could only be 
made avai lable e i t h e r by flooding or a general decrease in 
the water level during a period of drought (Alikianhi and 
Rao 1951) . There seems hardly any o ther provision to effect 
t h e i r d i spersa l a l l over the inland waters except flooded 
condi t ions tha t p reva i l during the monsoon, Probably t h i s 
i s the season when most of t h e physical f ac to r s favour 
na tu ra l reproduction due to prevai l ing flood condi t ions . 
There i s no competition for space, gene ra l ly temperature 
i s uniform and l i g h t i s moderate during monsoon season i . e . 
J u l y and August t hus fu r ther influencing t h e spawning. Each 
ind iv idua l , the re fore ge t s the best chance of f inding 
s u i t a b l e grounds t o s e t t l e . 
I t geems t h a t breeding in f resh water f i sh i s so 
adjusted t h a t t h e law of hatch during a season when condi-
t i o n s of temperature and she l t e r are at t h e i r optimum. 
There i s no s c a r c i t y of food and t h e i r i s no competition 
for space. The s igni f icance of such a behaviour in terms 
of adaptive advantages to t h e spec ies . 
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The gonado-somatic index in females was found to 
vary considerably with t i n e , and t h i s var ia t ion was as i t s 
maximum curing t h e spawning season (July August) , The ovary 
index provides several ranges of values by means of which 
most ovar ies containing ova in any one of the three matur i ty 
s tages - immature, maturing, or mature may be c l a s s i f i e d 
according t h e sex r a t i o var ies considerably from species 
to species , but in t h e majority of t h e species i t i s c lose 
to one. I t d i f f e r s from one population to another of same 
species and may vary from year to year in the same popula-
t i o n (Nikolsky, 1963) . 
The fecundity of R. aculeata was found to vary consi -
derably from f ish to f i sh . The average egg production was 
2005 egg per f i s h . Changes in indiv idual fecundi ty are 
regula ted by changes in t h e food supply. Faster growing 
ind iv idua l s usua l ly have a higher fecundity than slower 
growing ones of t he same s i ze . The species respond to chan-
ges in the environment by changes in i t s fecundity, inc rease 
in the fecundity of f i shes may r i s e several causes i t may 
be due to a reduction of rese rvo i r of jo lk in t h e egg and 
consequent reduction of t he pass ive feeding period of 
t h e egg development or by an increase in the dens i ty 
of the yolk or f i n a l l y , by an increase in the volume of 
gonads. The smaller s ize of the eggs i s apparently due to 
the higher dens i ty of the yalk. Bagenal 11957) Nikolsky 
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U963) Ferweshwaran et a l . (1972), Khan and jh ingran (1975) 
Siddiqui e t al (1976) and i-athani and Das (1978) found tha t 
t he tood was t h e main fac tor which was respons ib le for 
matur i ty spawning and var ia t ion In fecundi ty. The fecundi ty 
was d i r e c t l y r e l a t ed to the size and weight of t h e f i sh , the 
growth in both dimension was r e l a t e d to food supply (Siddiqui 
et a l , , 1976b). The fecundity of the f i sh showed a l i n e a r 
r e l a t i o n s h i p with length, f i sh weight and ovary weight. The 
number of ova product might be expected to be propor t ional 
to the body weight. As has already been indicated, t h e body 
weight of K.aculea ta i s near ly propor t ional t o t h e length 
cuiDe '.The logarithm of fecundity a t t he logarithm of f i sh 
weight showed a higher cor re la t ion (r = 0.8954) with log 
length (r = 0.8880) descr ibe the r e l a t i o n between fecundi ty 
and weight of f i sh . / * length of the f i sh . 
S U M M A R Y 
20 2 specimens of R, acuieata were obtained from the 
cxjirunercial f i sh catches between August, 1989 and J u l y , 1990 
from t h e r i ve r Yamuna to i nves t i ga t e the age and growth, 
length-weight r e l a t i o n s h i p and reproduct ive biology of 
the f i s h . 
The age and growth of R.acuieata was determined by i t s 
o t o l i t h s . An opaque and t r ans lucen t zones on t h e o t o l i t h 
were usua l ly completed an one year. The t rans lucen t zones 
were formed annually on t h e o t o l i t h of the f i s h . The annuius 
formation on the o t o l i t h of the R.acuieata may be r e l a t e d 
to t h e seasonal va r i a t ion in the feeding i n t e n s i t y and repro-
duct ive s t r e s s . Most of the f i sh were found to contain annual 
growth mark on i t s o t o l i t h m rne premonsoon period while 
some of t h e t i s h contained annuius m the winter season. 
The females have gD3<U:er l o n g i t i v l t y and f a s t e r growth 
•Chan the males. The t i s h of the same length, weight and sex 
may d i f fe r in age upto t h r e e years . The l inea r growth of 
t h e f i sh was more than t h a t of the t)ody weight. 
The seasonal marked var ia t ion In ovary weight was more 
than tha t of t h e var ia t ion in t h e weight of the t e s t e s . The 
ovary weight increased as a r e s u l t ot increment in ova 
diameter . 
An individual f i sh had almost the same s ize of the 
eggs in both the lobes of ovary but a t times s l ight var ia t ion 
was recorded. 
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The spawning was found to be r e s t r i c t e d to a d e f i n i t e 
per iod. The f i sh spawns once in a year. The average mean sex 
r a t i o was found around to l ^ l j l for females and males . 
s ign i f i can t prepondarance of males over females was recorded 
in f i r s t and second year of l i f e of t he f i s h . Thereaf ter 
the females out numbered t h e males. 
The s i ze at which R.aculeata a t t a i n f i r s t matur i ty was 
recorded 160 mm at 50% maturi ty l e v e l . The average fecundity 
of t h e f i sh was 2005 eggs per f i s h . The number of eggs 
increase p ropor t iona te ly with the increase of t h e body length, 
body weight and ovary weight. The va r ia t ion in t h e number 
of egg of large sized f i sh was more than tha t of the var ia -
t i on in eggs production of small sized f i sh . This i s due to 
reduction in the resumes of yolk in t h e eggs or by an 
increase in t h e dens i ty of yolk, o r by changes in t he food 
supply or species responds to changes in t h e environment, 
or f i n a l l y , by an increase in t he volume of the grounds. 
Spawning ensures the preservat ion of the species under 
unfavourable ab io t i c spawning condi t ions and fecundi ty 
ensures a high r a t e of i n t r a s p e c i f I c competition and thereby 
a more rapid r a t e of evolution and f i n a l l y I would l i k e to 
say t h a t reproduction i s in the l i f e cyc le of a f i sh which, 
in connection with o the r l i nks , ensures the cont inuat ion of 
t h e species and open new amplitudes for conservation of 
the spec ies . 
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